Abstract. Previous studies have shown that insertion/deletion polymorphisms in the angiotensin-converting enzyme (ACE) gene and the endothelial nitric oxide synthase (eNOS) gene are associated with Henoch-Schönlein purpura nephritis (HSPN). However, further studies are required to prove the relationship between HSPN and ACE and eNOS single nucleotide polymorphisms (SNPs). We studied six ACE SNPs and two eNOS SNPs by genotyping HSPN patients. Statistical analyses indicate that four ACE SNPs and two eNOS SNPs are associated with HSPN susceptibility. A cumulative effect analysis suggested that an increased number of unfavourable genotypes may lead to an increased risk of HSPN. By comparing alleles, genotypes and haplotypes that are associated with lupus nephritis (LN) and HSPN, we found genetic heterogeneity between HSPN and LN.
Introduction
Henoch-Schönlein purpura (HSP) is an autoimmune disorder that is associated with environmental and genetic factors, such as infection and genetic polymorphisms in the associated genes (1) (2) (3) . HSP may cause multisystem clinical symptoms including arthritis, skin rashes and abdominal pain (4) . Renal injury is a serious complication that occurs in 33% of children and 63% of adults with HSP (5) .
Previous studies have suggested that the angiotensin-converting enzyme (ACE) gene is associated with Henoch-Schönlein purpura nephritis (HSPN). Ozkaya et al and Zhou et al previously reported that an insertion/deletion polymorphism in the ACE gene is associated with HSPN (6,7). The ACE gene, which encodes for the enzyme that converts angiotensin I to angiotensin II, is expressed in numerous tissues and is important in regulating renal cell growth (8) . HSP is a form of small vessel vasculitis that is characterised by mediation of the IgA immune complex (9, 10) . Deposits of the IgA immune complex in the capillary walls may cause vasculitis, and if these deposits precipitate in the kidney, they may cause HSPN. ACE polymorphisms may affect angiotensin II regulation, which may lead to renal injury. Furthermore, ACE polymorphisms are associated with the risk of many other autoimmune diseases, such as IgA nephropathy and lupus nephropathy (LN) (11, 14) . Therefore, SNPs in the ACE gene may be a genetic component of HSPN. We also chose to study the association between endothelial nitric oxide synthase (eNOS) and HSPN. eNOS plays a role in nitric oxide (NO) synthesis (15) , which is associated with autoimmune-mediated tissue destruction and autoimmune diseases, such as systemic lupus erythematosus (SLE) and experimental autoimmune encephalomyelitis (16, 17) . Moreover, eNOS also plays an important role in vascular disease pathogenesis.
Although several studies have focused on the association between the previously described ACE gene insertion/deletion polymorphism and HSPN occurrence and severity, as well as the association between NO and the occurrence of SLE, few studies have analysed the association between ACE and eNOS polymorphisms with HSPN. However, previous studies have analysed ACE and eNOS gene polymorphisms in association with LN by studying six ACE SNPs (A-5466C, T-3892C, A-240T, C1237T, G2215A and A2350G) and two eNOS SNPs (T-786C and G894T). As SLE and HSP are autoimmune diseases that commonly result in renal injury, we analysed these eight SNPs to study the relationship between ACE and eNOS gene polymorphisms and HSPN (10, 18) . In addition to studying the relationship between ACE and eNOS polymorphisms and HSPN, we also sought to explore the genetic heterogeneity of LN and HSPN. This study will provide information about the molecular mechanisms of HSPN disease pathogenesis and may provide information that will aid in HSPN clinical diagnosis and treatment. 
Materials and methods

Subjects.
The control samples were obtained from healthy consenting blood donors from the northern Chinese population, and the HSPN samples were obtained from hospitalised renopathy patients. All the patients were selected according to the following criteria: i) a history of skin purpura and kidney damage, with or without symptoms involving the gastrointestinal tract and joints; ii) a renal biopsy pathology corresponding to HSPN; iii) the exclusion of systemic diseases, such as thrombocytopenic purpura, SLE, systemic vasculitis and rheumatoid arthritis; and iv) no history of treatment with large doses of hormones or immunosuppressive agents, such as cyclophosphamide. Samples where the specific locus of interest could not be genotyped were excluded from the analysis. Therefore, our final data set consisted of 160 case samples (out of 229 patients) and 137 control samples (out of 218 controls). The case and control samples were age-and gender-matched. All research adhered to the legal requirements of the study country. The study was approved by the ethics committee of Harbin Medical University. The investigators educated potential subjects to ensure that they could reach an informed decision about whether or not to participate in the research. Their informed consent was given freely, without coercion, and based on a clear understanding of what participation involves.
SNP genotyping.
A description of the eight SNPs (six ACE gene and two eNOS gene polymorphisms) used in our analysis is shown in Table I . After the DNA was extracted from the blood samples, the DNA quality was analysed by electrophoresis. PCR amplification was performed for each locus, and the detailed information for the PCR reaction and cycling conditions for each locus is shown in Table II .
Statistical analysis. After we genotyped the HSPN and control subjects, the distribution of the genotypes was directly computed. The Hardy-Weinberg equilibrium test was performed for all eight SNPs in the control group. The association analysis of the genotypes and HSPN was performed by logistic regression, and the risk alleles were determined by a Chi-squared test. In addition, the association between the G894T genotype and HSPN was analysed with a Chi-squared test. The odds ratio (OR) and the associated 95% confidence interval (CI) were computed for each genotype. Haplotype analysis of the six ACE SNPs and the two eNOS SNPs was performed with HaploView. We obtained the haplotypes and the estimated frequency of each haplotype for the case and control groups with HaploView. We then performed a Chi-squared test to analyse the association between each haplotype and HSPN. If the number of haplotypes was fewer than 5, we then used Fisher's exact test to calculate the p-value and assess significance.
We also analysed the cumulative effect of the unfavourable genotypes. An unfavourable genotype was defined as a genotype that was significantly associated (p<0.05) with HSPN and had a corresponding OR greater than 1. We divided the disease and control samples into three groups according to the number of unfavourable genotypes in an individual. The groups are: 2 or fewer unfavourable genotypes; 3-4 unfavourable genotypes; and 5 or more unfavourable genotypes. We defined the 2 or fewer unfavourable genotypes group as the reference and compared this group to the other two groups with a Chi-squared test.
Results
Genotype distribution of ACE and eNOS and the association between these polymorphisms and HSPN.
The genotype frequencies of each ACE SNP (A2350G, A-5466C, C1237T, A-240T, A2215G and T-3892C) are shown in Table III and T-3892C) that were not in Hardy-Weinberg equilibrium in the control subjects were also included in our analysis.
As is shown in Table III , the A2350G AG (p= 0.003; OR=2.046; 95% CI=1.270-3.294) and GG (p= 0.000; OR= 0.186; 95% CI= 0.091-0.380) genotypes, A-240T AT (p= 0.000; OR=2.850; 95% CI=1.679-4.838) and TT (p=0.000; OR=0.177; 95% CI=0.089-0.353) genotypes, A2215G AG genotype (p=0.021; OR=2.059; 95% CI=1.113-3.809) and T-3892C TC genotype (p=0.005; OR=2.026; 95% CI=1.245-3.299) were distributed significantly differently in the case and control subjects. By contrast, there was no difference in the distribution of the other ACE genotypes between HSPN patients and the control subjects (p>0.05, Table I ). Additionally, the A240 allele (p=0.001; OR=1.739; 95% CI=1.253-2.415) and the A2350 allele (p=0.001; OR=1.704; 95% CI=1.230-2.358) were significantly associated with HSPN.
The two eNOS SNPs (G894T and T-786C) were in Hardy-Weinberg equilibrium in the control group. The G894T GT (p= 0.000; OR= 0.339; 95% CI= 0.284-0.404) and TT genotypes (p=0.000; OR=3.025; 95% CI=2.526-3.623), as well as the T-786C TT (p=0.001; OR=2.779; 95% CI=1.484-5.207) and TC genotypes (p=0.034; OR=0.600; 95% CI=0.374-0.962) were distributed significantly differently between the HSPN and control subjects. In addition, the G894T and T-786C alleles were significantly associated with HSPN (p=0.000 and p=0.022, respectively).
ACE and eNOS haplotype distribution and the association between these variations and HSPN.
We manually obtained 33 ACE gene haplotypes with HaploView and analysed the haplotype distribution of the six SNPs in the case and control subjects. As is shown in Table IV Haplotype analysis of the eNOS gene indicated that the two eNOS polymorphism loci are closely linked. Three haplotypes were identified with HaploView. As shown in Table V , the frequency of these three haplotypes was significantly different 
ACE, angiotensin-converting enzyme; eNOS, endothelial nitric oxide synthase; SNP, single nucleotide polymorphism; F, forward; R, reverse. (p<0.05) in the HSPN and control subjects. The association between the ACE and eNOS haplotypes and HSPN was analysed with a Chi-squared test. If the number of the haplotypes was fewer than 5, we then used Fisher's exact test value to calculate a p-value and analyse significance.
Cumulative effect of ACE and eNOS unfavourable genotypes on HSPN. The six SNPs [A-240T (AT), A2350G (AG), A2215G (AG), T-3892C (TC), G894T (TT) and T-786C (TT)] were analysed with a cumulative effect analysis. The frequency of five ACE genotypes [A-240T (AT), A2350G (AG), A2215G (AG), T-3892C (TC) and T-786C (TT)] was
significantly different (p<0.05) between the case and control groups, and the OR values were greater than 1. Additionally, the proportion of the G894T phenotype (TT) in the case group was significantly higher than the control group. Therefore, we defined G894T (TT) as an unfavourable genotype. The subjects were divided into groups based on their number of unfavourable genotypes, and the group with 2 or fewer unfavourable genotypes was defined as the reference. Compared to the reference, the group with 3-4 unfavourable genotypes has a higher odds risk (OR=4.528), while the group with 5 or more unfavourable genotypes has an even higher OR value (OR=61.923) (Table VI) .
Heterogeneity analysis between LN and HSPN. LN and purpura nephritis are immune complex-mediated diseases that often result in renal injury. Additionally, it has been reported that LN may co-occur with immune thrombocytopenic purpura (19) . We compared the genetic polymorphisms associated with LN and HSPN to study the genetic heterogeneity between LN and HSPN. For this analysis, we utilised LN data from our previous study (20) , in which we showed that two ACE alleles (A-5466 and A2350) and one eNOS allele (G894) were associated with lupus nephropathy susceptibility. In comparison, two ACE alleles (A-240 and A2350) and one eNOS allele (T-786) were associated with HSPN susceptibility (Table VII) . Analysis of the alleles associated with HSPN and LN indicates that G894, A2350 and A5466 are unfavourable alleles for LN, while T786, A2350 and A240 are unfavourable alleles for HSPN. Thus, these results indicate that A2350 is a risk allele for both HSPN and LN. The genotype analysis indicates that the A2350G AG (A2350G) genotype may be associated with HSPN susceptibility, although this genotype may also protect individuals from LN. Moreover, five haplotypes (CCTTGG, CCTTAG, CCACAA, CTATAA and ACTCGA) were distributed significantly differently in the case and 
Discussion
Approximately 40% of children with HSP may develop nephritis (10) , and this proportion is higher in adults. Both HSP and SLE are vascular autoimmune diseases (10, 18, 19) and SLE may occur in conjunction with other immune diseases, such as immune thrombocytopenic purpura (19) . Many reports have suggested that ACE gene polymorphisms are associated with SLE and HSP (6, 8) . The ACE enzyme converts angiotensin I into angiotensin II, which is associated with reno-vascular hypertension and renal disease (21) . Therefore, the ACE gene may play a role HSPN. eNOS also plays an important role in the occurrence of vascular disease (22) and is associated with autoimmune disease (23) .
Haplotype analysis indicates that five ACE gene haplotypes (CCTTGG, CCTTAG, CCACAA, CTATAA and ACTCGA) are significantly associated with HSPN. Of these five haplotypes, only CCACAA may increase the risk of HSPN. However, the six ACE SNPs were not closely linked in this analysis, and therefore this haplotype may require further validation. Three eNOS gene haplotypes (CT, TT and TG) were identified, and all three were associated with HSPN. eNOS gene haplotype analysis indicates that the two SNPs are closely linked. For the cumulative effect of unfavourable genotype analysis, we set the group with the least number of unfavourable genotypes (less than or equal to two unfavourable genotypes) as the reference. The group with a medium number of unfavourable genotypes (3-4 unfavourable genotypes) had a 4.528-fold increased risk of HSPN compared to the reference group, and the high-risk group (5 or more unfavourable genotypes) had a 61.923-fold increased risk.
A limitation of our study is that the samples we selected may contain some bias, which may explain why several of the ACE loci were not in Hardy-Weinberg equilibrium in the control subjects and why the six ACE SNPs were not closely linked. Furthermore, we did not consider genetic and environmental factors, which may impact on HSPN pathogenesis. However, by analysing the association between the ACE and eNOS polymorphisms and HSPN, we did identify SNPs and haplotypes that may be associated with HSPN. Additionally, our cumulative effect data indicate that high-risk unfavourable genotypes may increase the risk of HSPN. However, larger studies are required to further analyse the effect of these polymorphisms on HSPN.
In conclusion, our data suggest that four ACE gene SNPs (A-240T, A2350G, A2215G and T-3892C) and two eNOS gene SNPs (G894T and T-786C) are significantly associated with HSPN. Five haplotypes (CCTTGG, CCTTAG, CCACAA, CTATAA and ACTCGA) were significantly differently distributed in the case and control groups. Of these haplotypes, only CCACAA is associated with an increased risk of HSPN susceptibility. However, our data here indicate that four other haplotypes may protect individuals from HSPN. Additionally, the accumulation of unfavourable genotypes may increase the risk of HSPN. By comparing the HSPN and LN risk alleles, we found that A2350 is also an unfavourable genotype for LN. Finally, we found that the AG genotype (A2350G) may also increase the risk of HSPN, but may protect against LN.
